circuits. In addition to the circuit analysis, the tolerances of some connecting cables were also considered in order to observe how the signal integrity could change and how this affected the circuit performance, sensitivity of circuits, component tolerances, signal integrity and effect of environmental changes on the overall system. A simple assessment of the effectiveness of the course is done at the end of the semester by student survey. The students commented that the course material was easy to understand due to the lab experiments and demonstrations in the class. Details of topics covered in our course, the circuit simulations done, measurements of interference signals under varying conditions, challenges faced and student feedback are also presented.
Introduction
The course of Electromagnetic Compatibility (EMC) has been taught for many years at our University. We improved the course with new topics, simulation and experiments. The industry projects that we did also helped us in improving course topics. The course outline and outcome are given in Appendix A. The course required a lot of background related to electromagnetics, communication circuits and systems, measurements and instrumentation. In addition, the parasitic components and distortion of signals are also considered and included in the discussion of circuits and systems. The EMC problems are of interest to automotive industry where CAN (Control Area Network) communication protocol is used for exchanging data between various control units [1, 4] . The signal integrity problems have appeared to be of greater interest. In the EMC course several examples of the signal integrity issues are discussed, including signal distortions due to the noise, jitter, parasitic circuit components and circuit component tolerances.
Receiving incorrect information due to undesired interference and distortions, signal delays, multiple triggering, and missing pulses, are the effects of EMC problem. The circuit component tolerance effects are also related to connecting pathways, which often include transmission lines.
In this case, the Time Domain Reflectometry (TDR) appears to be helpful to study transmission line effects [5] . The courses on Electromagnetic Compatibility are offered at quite a few US Circuits to simulate the noise signal, which could be tested and also added to desired signals to demonstrate effects of it on the circuit operation and on the signal distortions were modeled. Time-domain signal, signal distortions are studied. Fig.2b The pulses generated by adding different noise signal to the pulses Fig.3 The circuits used to demonstrate the pulse reflections in transmission lines. Upper circuit is used to simulate and ideal case when the source and load resistances are matched to the characteristic impedance of the transmission line. The lower circuit has both resistances unmatched to the characteristic impedance of the transmission line. The harmonic signal components of the signals of the unmatched circuit appeared to be of higher level than the signal harmonic components of the matched circuits. 
Student Participation in Experiments
We observe the following in graduate classes:
1. Most of our graduate students work for local industry, 2. Involving all students in the class in observing and in partial measurements and extension of measurements by simulations of some experiments provides a huge learning opportunity for students.
The students attending the EMC (Electromagnetic Compatibility) course have a chance to participate in demonstrations of experiments and they could also get familiar with all instruments to measure the most important parameters of the signals. In addition to measurements, the students use PSPICE software program to model the twisted-pair transmission lines and make some predictions.
The instructional approach in this course is unique since we show experiments when learning theory. The student evaluations clearly indicate improvements in meeting the course outcomes [Appendix A]. The comments in the course evaluations to the question on the above projects indicate that the students received a greater understanding of the topics like radiation, conduction and cross talk due to these experiments.
Students understand the differences between the performance of the shielded and unshielded twisted pair cables applied in automobiles and in industrial robots. The other experiments, included in this course demonstrate sinusoidal and pulse performance of coaxial cables, radiated emission tests, applications of Line Impedance Stabilization Network to test conducted emissions, and the test of the "spike" generator, which was also used to check the EMC performance of the twisted pair cables.
Our homework, and exam answers clearly show the full understanding by almost all the students due to the experiments.
Some students sent emails stating that they applied these demonstrations and theory learned from the course in their industry. At the end of the course, we do survey of the course content and delivery of the content of graduate courses by external evaluators/ experts. The external evaluators were very happy to see the addition of these experiments to clarify and show the application of the theory in these courses.
As per the alumni letters, the described projects and their interpretation are very helpful to the working graduate students, and they could apply some of the demonstrated ideas in their company. Some of the students joined electromagnetic compatibility laboratories with the knowledge reinforced by the experiments. The employer letters indicate that our alumni have used the knowledge gained from these experiments in the industry to rectify many of the problems in the design.
Thanks to the introduction of the experiments in the class, the enrollment in the course doubled from the previous years since the students find the course more interesting and useful. Some examples of experiments are presented in the References [2, 3, 5 to 8].
Conclusions and how the Students Benefit from this Approach
The experiments introduced in the course and simulation exercises have made the course material easy to understand and fun to learn the application of EMC theory. The course evaluations on the course outcomes received very good results.
The described project measurements and simulations are very helpful to our graduate students, who work for aviation and automotive industry. They could apply some of the demonstrated ideas in their company.
The student experiments show possible effects of tolerances of some parameters of pulse signals on the signal shapes, which could affect the signal spectra and increase the potential for undesired circuit reactions and for measurement errors. In addition, some effects of noise signals on the circuit performance have been shown.
